Literature is scanty on the interaction potential of Hibiscus sabdariffa L., plant extract with other drugs and the affected targets. This study was conducted to investigate the cytochrome P450 (CYP) isoforms that are inhibited by the extract of Hibiscus sabdariffa L. in vitro. The inhibition towards the major drug metabolizing CYP isoforms by the plant extract were estimated in human liver microsomal incubations, by monitoring the CYP-specific model reactions through previously validated N-in-one assay method. The ethanolic extract of Hibiscus sabdariffa showed inhibitory activities against nine selected CYP isoforms: CYP1A2, CYP2A6, CYP2B6, CYP2C8, CYP2C9, CYP2C19, CYP2D6, CYP2E1 and CYP3A4. The concentrations of the extract which produced 50% inhibition of the CYP isoforms ranged from 306 µg/ml to 1660 µg/ml, and the degree of inhibition based on the IC 50 values for each CYP isoform was in the following order: CYP1A2 > CYP2C8 > CYP2D6 > CYP2B6 > CYP2E1 > CYP2C19 > CYP3A4 >> CYP2C9 >> CYP2A6. Ethanolic extract of Hibiscus sabdariffa caused inhibition of CYP isoforms in vitro. These observed inhibitions may not cause clinically significant herb-drug interactions; however, caution may need to be taken in co-administering the water extract of Hibiscus sabdariffa with other drugs until clinical studies are available to further clarify these findings.
Introduction
Herbal remedies have been in use over the ages until synthetic drugs became available, however, there has been resurgence in the use of herbal remedies. This resurgence has led to increase in the concomitant use of herbs with conventional medicines with the belief that the potency of either the herb or the conventional medicine may be enhanced. But the concomitant use of herbs with conventional medicines has given rise to various potential interactions which may not be beneficial to the user. For example Ginkgo biloba causes spontaneous bleeding when co-administered with aspirin, ibuprofen or warfarin (Bressler, 2005) . Panax ginseng induces mania when used with phenelzine and St. John's Wort reduces the plasma concentrations of midazolam, digoxin and indinavir (Hu et al., 2005) .
Some of these potential herb-drug interactions occur when the pharmacokinetic profile of either product is altered significantly as a result of their co-administration. However most interactions occur during metabolism especially phase 1 metabolism which is mediated by cytochrome P450 (CYP) isoforms. CYP isoforms are responsible for the metabolism of about 70% of prescription drugs (Karyekar et al., 2002) . The induction or inhibition of CYP isoforms by any of the product of herb and drug combination may lead to increased side effect, toxicity or therapeutic failure. Many CYP isoforms such as CYP1A2, CYP2C9, CYP2C19, CYP2D6, CYP2E1, and CYP3A4 have been implicated in pharmacokinetic interactions in humans. Some herbs have been shown to inhibit or induce some CYP isoforms for example acute usage of St. John's Wort (SJW) has little effect on major CYPs isoforms (1A2, 2D6, 2C9, 3A) but chronic usage induces CYP3A (Wang et al., 2001 ). Echinaceae on the other hand alters the action of CYP3A (Gorski et al., 2004) , and Ginkgo biloba extract induces CYP2C19 (Yin et al., 2004) .
Herbs are taken as powdered products, standardized extracts, tinctures or as beverages but herbal beverages are quite popular worldwide due to perceived beneficial effects. An herbal drink that is very popular in Nigeria and some other parts of the world is the water beverage of Hibiscus sabdariffa which is used for entertainment at social gatherings. Known as "Rosselle" in Mexico, "Zobo" in Nigeria and "Karkade" in Germany, it is also used in folk medicine as a laxative and diuretic. Studies have shown that it can be used in the treatment of hypertension and it has actually been shown to have antihypertensive effect comparable to captopril, in man (Odigie et A common practice in some part of the world is the use of juices, sodas and sometimes herbal drinks such as the water beverage of Hibiscus sabdariffa (Zobo) to administer drugs (Huang & Lawrence 2004; Fakeye et al., 2007) . The water extract of Hibiscus sabdariffa caused a reduction in the elimination of acetaminophen and diclofenac and also a reduction in the bioavailability of chloroquine (Mahmoud et al., 1994; Fakeye et al., 2007; Kolawole and Maduenyi, 2004) . The mechanism responsible for this pharmacokinetic herb-drug interaction has not been fully elucidated.
Cytochrome P450 interactions are often considered to be a first step evaluation for possible herb-drug interactions in man. In vitro CYP inhibitory studies showed that alcoholic extracts of herbs tend to have more inhibitory effect than water extract on the same CYP isoforms where the herb demonstrated CYP inhibition (Strandell et al., 2004 Gwaza et al., 2009 Sevior et al., 2010) . This study approached the in vitro inhibition of selected CYP isoforms by an ethanolic extract of Hibiscus sabdariffa L.
Materials and methods

Extraction of plant material
Dried calyxes of Hibiscus sabdariffa were purchased from Gbagi market, in Ibadan, Oyo state, Nigeria and was identified and authenticated at the Forestry Research Institute of Nigeria (FRIN), Ibadan with herbarium number FHI 106934. Extraneous matters were handpicked and the calyxes dried in Gallenkamp size three oven, at 40 o C until a constant weight was obtained. The dried calyxes were pulverised with blender (Kenwood, model number: OWBL436003, China,) for 3 minutes and 100 g of the dried powdered calyxes of the plant was infused with 1L of absolute ethanol at room temperature for 4 hours. The solution was decanted and the residue further extracted with another 1 L absolute ethanol for 4 hours. The solutions were pooled, sieved and concentrated with rotary evaporator (Buchi Rotavapor R-210, model number: 0800014803, Switzerland) at 40 o C and freeze dried (Lyotrap plus® freeze drier, model number: 912350, Great Britain).
Anthocyanin determination
The total monomeric anthocyanin (TMA) content of the ethanolic extract of Hibiscus sabdariffa was determined as Cyanidin-3-glucoside using the pH differential method described by Wrolstad et al., (2005) .
An aliquot portion of the ethanolic extract of Hibiscus sabdariffa was taken and appropriate dilution factor was determined by diluting the test portion of the extract solution with pH 1.0 buffer (potassium chloride, 0.025 M) until absorbance at 520 nm was within the linear range of the spectrometer used (PerkinElmer Lambda 25UV/Vis spectrometer, model number: 501508080511, Singapore). The dilution factor obtained was used to prepare two dilutions of the extract solution, one with pH 1.0 buffer and the other with pH 4.5 buffer (sodium acetate, 0.4 M). The absorbance of these two dilutions were determined at 520 nm and 700 nm and read against a blank cell filled with distilled water. The difference in the absorbance was used in calculating the TMA present in 100 g of the powdered plant material. This was done in triplicate.
CYP-inhibition experiments
Pooled microsomes for metabolite profiling and CYP-inhibition studies were obtained from BD Biosciences Discovery Labware (Bedford, MA). The human liver microsomes (HLM) pool containing 20 mg protein/ml (Lot#99268) consisted of liver samples from 25 donors of both genders. The cocktail-approach (N-in-one assay) for elucidating inhibition towards CYP-specific model reactions was conducted as described earlier in detail (Turpeinen et . Briefly, each incubation mixture contained 0.5 mg microsomal protein/ml, 0.1 M phosphate buffer (pH 7.4), 1mM NADPH (Nicotinamide Adenosine Dinucleotide Phosphate), and ten probe substrates for major drug-metabolizing CYPs. Substrates, (the target CYPs and final concentrations) in the incubations were: melatonin (CYP1A2, 5 µM); coumarin (CYP2A6, 2 µM); bupropion (CYP2B6, 2 µM); amodiaquine (CYP2C8, 5 µM); tolbutamide (CYP2C9, 8 µM); omeprazole (CYP2C19 and CYP3A4, 5 µM); dextromethorphan (CYP2D6, 1 µM); chlorzoxazone (CYP2E1, 10 µM); midazolam (CYP3A4, 1 µM) and testosterone (CYP3A4, 5 µM). The dried extract was dissolved with methanol and added to the incubation mixture to obtain final concentrations of 0 (solvent control), 0.001, 0.01, 0.1, 1, 10, 100 and 1000 μg/ml. The final amount of methanol in the incubation mixtures was 1% (v/v). The reaction mixture, in a final volume of 200 µl, was preincubated for 2 minutes at 37C in a shaking incubator block (Eppendorf Thermomixer 5436, Hamburg, Germany) before the reaction was initiated by the addition of NADPH. Each reaction was terminated after 20 minutes by adding 100 µl of ice-cold acetonitrile containing 1 μM phenacetin as an internal standard (IS). Samples were subsequently cooled in an ice bath to precipitate the proteins and stored at -20C until analyzed. This was done in duplicates. The IC 50 values were determined graphically from the logarithmic plot of inhibitor concentration against percentage of activity remaining after inhibition using GraphPad Prism 5.40 software (GraphPad Software Inc., San Diego, CA). All data points represent the average of duplicate incubations. The enzyme activities in the presence of inhibitors (ethanolic extract of Hibiscus sabdariffa) were compared with the vehicle incubations. This assay method was validated using positive controls (Turpeinen et al., 2005; Tolonen et al., 2007) To evaluate the possible matrix effects to LC/MS/MS analysis of probe metabolites by the complex plant extract, extra control incubations where the extract was spiked after termination of metabolic reactions were performed and no matrix effects were observed at concentration at or below 100 µg/ml for any of the probe metabolites. Peak area of 7-hydroxycoumarin was 74% and peak area of hydroxychlorzoxazone was about 52%, when 1000 µg/ml of extract was added to the control incubation, suggesting some matrix suppression for these two probe metabolites. The peak areas for 7-hydroxycoumarin and hydroxychlorzoxazone at 1000 µg/ml were corrected based on the observed relative matrix effect in comparison to control incubations by multiplying the observed peak areas with the observed matrix suppression factor.
Liquid chromatography-mass spectrometry in monitoring the CYP specific model reactions
The analysis of probe metabolites from CYP-specific marker reactions were conducted with a liquid chromatography-tandem mass spectrometry (LC/MS/MS) method modified from an earlier paper where the inter and intraday variations of method and precision for all metabolites and the limit of quantification (LOQ) had been validated (Tolonen et al., 2007) . Briefly, a Waters Alliance 2695 HPLC system (Waters Corp., Milford, MA) was used together with a Phenomenex Kinetex C18 column (2.1 × 50 mm column with 2.6 μm particle size) and an on-line filter at 40°C. The injection volume was 6μl. The HPLC eluents were aqueous 0.1% acetic acid (pH 3.2, A) and methanol (B). The gradient elution from 2% -50% -80% B was applied in 0 -0.5 -3.0 min, followed by column equilibration, giving a total time of 7 min/injection. The eluent flow rate was 0.4 ml/min. The data was acquired using a Waters Quattro Ultima triple quadrupole mass spectrometer equipped with a Z-spray ionization source. Multiple Reaction Monitoring (MRM) mode using both positive and negative polarity (separate injections for each polarity). For all compounds the capillary voltage used was 4200 V in positive ion mode and 3500 V in negative ion mode. The desolvation temperature was 400 o C and the source temperature 150 o C. Nitrogen was used as a drying gas and as a nebulizer gas. The collision cell argon pressure was set to 3.5 × 10 -3 mbar. The MRM transitions and the compound dependent parameters were as previously described (Tolonen et al. 2007 ). The instruments were controlled using MassLynx 4.1 software.
Data analysis
The total monomeric anthocyanin (TMA) content of the extract was determined using the formula TMA = A x MW x DF x 10 
Results
The percentage yield of the ethanolic extract of Hibiscus sabdariffa was 25.0% (approximately 7 ml of concentrated extract weighing 25.04 g was recovered from 100 g of powdered plant calyxes) and the total monomeric anthocyanin content calculated as Cyanidin-3-glucoside was 0.583 g ± 0.13 [mean ± standard deviation] per 100 g of the dried powder.
A logarithmic plot of the percentage enzyme activity remaining (%EAR) against the different concentrations of the EEHS shows inhibitory activities of the extract on all the nine CYP isoforms screened ( Table 1 ). The %EAR for the solvent control was 100%.
Ethanolic extract of Hibiscus sabdariffa inhibited the following reactions: 6-hydroxylation of melatonin catalysed by CYP1A2; 7-hydroxylation of coumarin catalysed by CYP2A6; hydroxylation of bupropion catalysed by CYP2B6; deethylation of amodiaquine catalysed by CYP2C8; hydroxylation of tolbutamide catalysed by CYP2C9; 5-hydroxylation of omeprazole and de-methylation of omeprazole both catalysed by CYP2C19; O-demethylation of dextromethorphan, catalysed by CYP2D6; 6-hydroxylation of chlorzoxazone catalysed by CYP2E1; and 3-hydroxylation of omeprazole, omeprazole sulphoxidation, 1α-hydroxylation of midazolam and 6β-hydroxylation of testosterone all catalysed by CYP3A4. The IC 50 values in µg/ml ranged from 306 µg/ml for CYP1A2 to 1660 µg/ml for CYP2A6 while the IC 50 values calculated in litre/unit dose ranged from 1.2 litre for CYP2A6 to 7.1 litre for CYP1A2 ( Table 1 ). The order of inhibition of the investigated CYP isoforms by EEHS was 1A2 > 2C8 >2D6 >2B6 >2E1 > 2C19 > 3A4 >> 2C9 >>2A6.
The IC 50 values of the EEHS compared with the IC 50 values for selective CYP isoform inhibitors were significantly higher (Table 2) , all the values were >100 µg/ml for all the CYP isoforms while those of the inhibitors as reported in a previous study (Turpinen et al., 2005) ranged from 0.011 µg/ml to 17.47 µg/ml. Values are calculated using a non-linear regression analysis program (GraphPad Prism v5.40). Melatonin 6-hydroxylation (OH-MEL), Coumarin 7-hydroxylation (OH-COU), Bupropion hydroxylation (OH-BUP), Amodiaquine de-ethylatiion (desEt-AMO), Tolbutamide hydroxylation (OH-TOL), Omeprazole de-methylation (deM-OME), Omeprazole 5-hydroxylation (5OH-OME), Dextromethorphan O-demethylation (O-deM-DEX), Chlorzoxazone hydroxylation (OH-CLZ), Omeprazole 3-hydroxylation (3OH-OME), Omeprazole 2-sulphoxidation (SO2-OME), Testosterone 6β-hydroxylation (6β-OH-TES), Midazolam 1α-hydroxylation (1OH-MID).95% confidence interval (95%C.I). *IC 50 values converted to reflect volume: One dose unit (=300 ml of herbal drink = 8,18 grams of plant = 2,05 grams of dried extract) should be dissolved to this volume to give the IC 50 concentration. Figure 1 shows that the extract was only able to inhibit all the CYP isoforms significantly at 1 mg/ml (1000 µg/ml). The percentage CYP isoform inhibition at this concentration was between 60 and 80% for all the enzymes except for CYP2A6 which was below 40%. Little or no enzyme inhibition was noticed at extract concentrations of 1 ng/ml, 10 ng/ml and 100 ng/ml. 
Discussion
The extract of H. sabdariffa showed some inhibitory activities against all the nine CYP isoforms studied with a relatively high IC 50 values when compared with the controls. Previous study by Prommetta et al., (2006) using aqueous extract of H. sabdariffa in rat reported that the extract had no effect on the total hepatic CYP contents and the activities of CYP isoforms: 1A1, 1A2, 2B1, 2B2, 2E1 and 3A. Ethanolic extract was used in our study instead of water extract because the concentration of the anthocyanin Cyanidin-3-glucoside maker in both extracts is not significantly different (Fakeye et al 2008) . We also used Human Liver Microsomes which is more representative of human CYP complements. This may explain why we observed for the first time to the best of our knowledge, inhibitory activities of the extract of Hibiscus sabdariffa on cytochrome P450 enzymes. It was observed that the extract of H. sabdariffa inhibited CYP isoforms that are involved in the metabolism of drugs during phase I metabolic process. The inhibitory activities may become obvious and clinically significant when the plant extract is concomitantly administered with drugs with narrow therapeutic index or drugs that undergo capacity limited metabolism such as phenytoin, carbamazepine, theophylline and digoxin. However, comparing the IC 50 values obtained in this study with other IC 50 values obtained in similar studies using herbal extracts and also with the IC 50 values of specific CYP isoform inhibitors; ethanolic extract of Hibiscus sabdariffa may be classified as a weak inhibitor of cytochrome P450 (Gwaza et al., 2009; Sevior et al., 2010) since the IC 50 values were greater than 100 µg/ml. Thus its inhibitory effect on the metabolism of co-administered drugs may not be clinically significant.
Hibiscus sabdariffa contains anthocyanins (Delphinidin-3-sambubioside, Cyanidin-3-sambubioside, Delphinidin-3-glucoside and Cyanidin-3-glucoside), flavonoids such as gossypetine, sabdaretine & hibiscetine (Gautam, 2004) , saponins and alkaloids (Mahadevan et al., 2009 ). There is a dearth of information on the pharmacokinetics properties of phytochemicals from herbs; especially the human oral bioavailability of these herbal components. Few studies available indicates oral bioavailability for anthocyanin, flavonoids and saponins, with the anthocyanins and flavonoids having short half lives (Wu et al., 2002; Yu et al., 2012) In vitro studies have shown that some phytochemicals namely coumarins, saponins, flavonoids and anthocyanins have inhibitory activities on CYP isoforms (Kim et al., 1997; Kimura et al., 2010; Sand et al., 2010) . These compounds which are also present in the calyx of Hibiscus sabdariffa might have been responsible for the observed inhibitory activities of the extract.
Prior clinical studies reported a decrease in the terminal half-life of acetaminophen without a significant corresponding change in AUC and clearance (Kolawole and Maduenyi, 2004) ; a reduction in the metabolic clearance of diclofenac (Fakeye et al., 2008 ) and a reduction in the bioavailability of chloroquine (Mahmoud et al., 1994 ) when these drugs were administered concomitantly with the extracts of H. sabdariffa. These drugs are metabolised by more than one CYP isoform: acetaminophen is metabolised by CYP isoforms 1A2, 2A6, 2D6, 2E1 and 3A4 (Patten et al., 1993) ; diclofenac by CYPs isoforms 2C9 and 3A4 (Tang et al., 1999) and chloroquine is metabolised by CYP2C8, 2D6 and 3A4/5 (Ducharme and Farinotti 1996; Kim et al., 2003) . Drugs metabolised by more than one CYP isoforms or drugs that have other dominant metabolic pathways such as glucoronidation and sulphoxidation may not be significantly affected by inhibitors of only one of the CYP isoform since there is an alternate route of metabolism except if the inhibitor is able to inhibit all the metabolic pathways of the drug concerned. However, a potent inhibitor of most or all the CYP isoforms responsible for the metabolism of a drug may significantly affect the drug's metabolic clearance. Though, the isoforms involved in the metabolism of acetaminophen and diclofenac are inhibited by the extract of H. Sabdariffa; while this may partly explain the slight reduction observed in the metabolic clearance of diclofenac it cannot be proffered for the reduction in the elimination of acetaminophen (since its AUC was not affected) and the reduction in the bioavailabilty of chloroquine.
Usually the inhibitory effect of herbal alcoholic extracts as compared with those of water extracts on CYP isoforms for the same herb have been shown to be slightly different when such activity is demonstrated. The alcoholic extracts are slightly inhibitorier (Strandell et al., 2004; Gwaza et al., 2009; Sevior et al., 2010) . Thus it may be expected that the water beverage of Hibiscus sabdariffa may show lesser inhibitory activities towards the nine CYP isoform.
Due to complex nature of the extract and because the individual compounds responsible for the inhibition are not known, molar IC 50 values cannot be determined. In order to estimate the significance of the observed inhibitions, the IC 50 values were converted to reflect the volume to which a unit dose of the extract must be diluted to give 50% inhibition, using the method described previously by Strandell et al, (2004) . When representing the IC 50 values in liters/dose units, the possibility of reaching in vivo concentrations that may cause significant inhibition, can be estimated. One dose unit (300ml of the herbal beverage) corresponding to 8.18 g of the plant powdered calyxes as reported by Fakeye et al, (2008) or 2.05 g of the freeze-dried extract used in this study need to be diluted to this volume to cause 50% inhibition. For example, an IC 50 of 5 Liters/dose indicates that one dose unit diluted into a volume equivalent to the approximate blood volume of an average person would result in a concentration of inhibitory compounds equivalent to the IC 50 value of CYP isoform inhibition. The likelihood of a notable inhibition is higher, when the IC 50 values in Liters/dose units are higher. Strandell et al. (2004) concluded that an IC 50 value < 0.8 Liters/dose would not be inhibitory. For the extract used in this study the IC 50 values in litre/dose were almost equal to the blood volume of an average human for CYP 2B6, 2C8, 2C19, 2D6, 2E1 (approximately 4 L) and for CYP 1A2 it was approximately 7 L which is slightly higher than the average human blood volume. These results according to Strandell et al, (2004) suggest that the extract is likely to cause in vivo inhibition. However, there is need for further investigation in vivo to explore its potential for interactions when administered concomitantly with other drugs.
Conclusion
This study showed that the ethanolic extract of the calyxes of Hibiscus sabdariffa inhibited nine Cytochrome P450 isoforms though at high concentrations. Based on this study, Hibiscus sabdariffa may be classified as a weak inhibitor of Cytochrome P450 enzymes. Nonetheless, caution should be taken in co-administering the water beverage with other drugs until in vivo data are available to make informed decision regarding interactions between the beverage and other drugs metabolised by cytochrome P450 isoforms.
